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INTRODUCTION

Because ofits increasing population and limited waterresources, the Middle
Rio Grande Basin between Cochiti Lake and San Acacia, New Mexico, hasrecently
become the subject ofintense study. In particular,the U.S. Geological Survey
(USGS) incooperation withthe City of Albuquerque has constructed a series of
ground-water-flow models of the Tertiary and Quaternary basin-filldeposits ofthe
Santa Fe Group aquifersystem (Kernodleand Scott, 1986; Kernodle and others,
1987; Kernodle and others, 1995; Kernodle,1998; Tiedeman and others,1998). The
ground-water-flow systemalso hasbeen thefocus of hydrochemical studies and
other effortsintended largelyto help develop animproved flow model. Amongthe
information criticalto athorough understanding of the ground-water-flow system
are water-level data thatindicate the directions of ground-water flowand the
magnitudes of hydraulic gradientsin the aquifer priorto perturbation by
substantial ground-water withdrawals (under predevelopment conditions).

Although maps of water-level elevations inthe basinhave been previously
published, these maps focused on particular subsections ofthe basinand (or)
included waterlevels that may have been affected substantially by ground-water
pumpage. Thisreport, preparedin cooperationwith the City of Albuquerque Public
Works Department, provides awater-level maprepresenting general predevelop-
ment conditions throughout the Middle Rio Grande Basin between CochitiLake and
San Acacia, primarily inabout theupper 300 feet of the saturated zone.

Completion ofthis map would nothave been possible withoutthe efforts of
Lauren Todd ofthe USGS, who diligently entered datafrom olderground-water
studies intocomputer files and transferred information onto maps to obtain well
locations and land-surface elevations. The authors also thankDoug McAdaand
Ward Sanford of the USGS fortheir technical advice.

DATASOURCES ANDCOMPILATION

The water-level data used to completethis map were obtained from avariety of
sources, includingthe USGS National WaterInformation System (NWIS) database,
reports published by Federaland State agencies, andunpublished master'stheses
from the University of New Mexico.In general, well or spring information from any
of the sources discussedin thisreport wasincluded inthe dataset usedto produce
the mapif thelocation andland-surface elevation of the well or spring could be
determined reasonablyaccurately andif thereported waterlevel could be
expected tobroadly representpredevelopment conditions (as discussed below).
Additional investigationsthat show water-level contours (but generally not
individual data points) for parts ofthe regionare includedin thelist ofreferences
at the end ofthis report.

The NWIS database contains water-level information for the entire Middle Rio
Grande Basinfrom as early asthe 1930'sto the present. The database includes well
locations by latitude and longitude, land-surface elevations, waterlevels andthe
associated dates of measurement, and otherancillary dataavailable for some
wells, suchas welldepth, source of water-level data, and pumping status of the
well atthe time of measurement. Locations and land-surface elevations of springs
also areincluded. Many of the data included in the database have previously been
published inreports bythe USGS or others.

Several studies prior tothe mid-1960's compiled water-level data specifically
for Bernalilloand (or) Sandoval Countiesin the vicinity of Albuquerque. These
studies include Meeks (1949), Ugrinic (1950), Caprio (1960),and Bjorklund and
Maxwell (1961). Most data for wells and springsincluded inthese studies had not
been enteredinto the NWIS database. These studiesdo notinclude sitelocations
by latitude and longitude or State plane coordinates;instead, locations are listed
in tables by township,range, and section, whichdo notprovide unique positions.
Consequently, wells and springs thathad not previously been entered intothe
NWIS database were plottedon USGS 7.5-minute quadrangle maps (scale
1:24,000) based on maps of sitelocations includedin the original reports,in
addition to detailed locationdescriptions when available (suchas provided by
Bjorklund and Maxwell, 1961). Unique locations were thendetermined fromthe 7.5-
minute quadrangles, along withthe land-surface elevations thatwere usedin
calculations of water-level elevations. Because the process oftransferring data
points to 7.5-minute quadrangles may increase the amount of errorassociated with
any particular data point, water-level elevationslikely areaccurate onlyto withina
few feet. However, this erroris negligible because ofthe scaleand contour
intervals used for the predevelopment water-levelmap. Meeks (1949), Ugrinic
(1950), and Caprio (1960) do notprovide dates when waterlevels were measured;
measurements wereassumed to have been made withina fewyears ofthe date of
the report. Although Bjorklund and Maxwell (1961) do not provide dates for all
water-level measurements, most ofthe dateslisted range between 1956 and 1958.

Spiegel (1955) and Titus (1963) compiled early water-level data forthe southern
part ofthe Middle Rio Grande Basin. The water-level measurements compiled by
Spiegel (1955) are for Socorro County and were collected during 1949-50. Titus
(1963) compiled water-level measurementsfor Valencia County, most of which
were collected during 1956-57. Most of the datacollected forthese studies had not
been enteredinto the NWIS database. Similar to early studiesin the vicinity of
Albuquerque, these studies listwell and spring locationsonly by township, range,
and section. Therefore, each data pointnot alreadyin the NWIS database was
transferred fromthe investigator's study-area mapto a7.5-minute quadrangleto
obtain latitude, longitude, and land-surface elevation.

Investigations of water resources have beenconducted on several Indian
Pueblos withinthe basin. Risser and Lyford (1983) compiled water-level data for
wells and springs inthe vicinity of the Pueblo of Laguna, nearthe westernedge of
the Middle Rio Grande Basin. Each data pointin theirreport included latitude and
longitude, land-surface elevation, waterlevel and date of measurement (generally
1973-74), principal water-bearing unit,and otherancillary data. Most data points in
their reporthad beenentered intothe NWIS database, butthe pointsthat had not
were addedto the data setused toconstruct the predevelopment water-level map.
Craigg (1992) compiled water-level data onJemez, Zia,and Santa Ana Pueblos.
Because all data from his investigation were previously entered intothe NWIS
database, Craigg'sreport isnot listed as aseparate datasource onthe map.

Kernodle (1998;and writtencommun., 1996) compiled water-level data for 35
wells thathad not previously been entered intothe NWIS database, all of which
have beenincluded inthe dataset forthe predevelopment water-level map. Twenty-
three ofthese wells are concentratedin thenorthern partof the basin. Information
available forthe 35wells includes State plane coordinates, land-surface
elevations, waterlevels, dates of water-level measurement (generally 1993-94),
and ancillary information.

To eliminate duplicate data, individual data points thathad beenincluded in
more thanone ofthe datasources previouslydiscussed were identified, when
possible. Ifmore thanone waterlevel was available fora particular data point, the
oldest waterlevel wasincluded inthe dataset used for the map. Exceptionswere
wells inwhich the oldest waterlevel was measured whilea well was beingpumped
or the water levelappeared erroneousin comparisonto datafor nearby wells.

In additionto water-level data for wells and springs compiled from the sources
previously discussed, riverbed elevations were includedin the data setused to
construct the predevelopment water-level map. Elevations of theriverbeds ofthe
Rio Grande and the Jemez Riverwere used because bothrivers probablyare in
fairly good hydraulic connection with the Santa Fe Group aquifer system (Craigg,
1992; McAda, 1996). Elevations of the Rio Grande were digitized from 7.5-minute
quadrangles; those of the Jemez River were obtained from USGS 30-meter digital
elevation models.

By Laura M. Bexfield and Scott K. Anderholm

SELECTION OF PREDEVELOPMENT DATA

In mostareas ofthe basin,development is sparse and ground-water
withdrawals were assumed tobe smallenough to have only minimal effectson
water levels. Consequently, water levels measured in most areas during any year
were assumedto bereasonably representative of predevelopmentconditions and
were includedin the data setused toconstruct the water-level map.

In the vicinity of Albuquerque, only data determinedto be representative of
predevelopment conditions were used. Ground-water withdrawals are known to
have affected water levelsover large areas (Thornand others, 1993). Althoughthe
extents ofthese areasand thetemporal changesin theirboundaries have not been
clearly defined, they canbe approximated using municipal-supply well locations,
estimates of ground-water withdrawals, and long-term water-level dataavailable
for selected wells inthe basin (Rankin, 1996). Prior to 1955, most City of
Albuquerque municipal-supply wells werelocated inthe innervalley ofthe Rio
Grande and annual ground-water withdrawals were fairly small (generally less than
about 25,000 acre-feet), eventhough withdrawals had begunto increasein the late
1940's because of population growth (Thornand others,1993). Therefore, effects
of developmenton regional water levels until about 1955 probably were fairly
limited. Duringthe 1960'sand 1970's, many additional municipal-supply wells were
installed outside the innervalley and annual ground-water withdrawals increased
to asmuch as 90,000 acre-feet, probably resultingin greater effects onwater levels
across amuch widerarea. Consistentwith this pattern of ground-water develop-
ment, thelongest water-levelrecords of Rankin (1996) indicate that substantial
declines (morethan 2feet peryear) insome areas, particularly near pumping
centers, may have begun as earlyas the mid-1950's. To minimize the amount of
water-level dataaffected by ground-water withdrawals while stillretaining enough
data tocreate areasonably accurate picture ofregional conditions,a regionwas
defined around Albuquerque withinwhich only data collected prior to 1961 were
included inthe overall data set (see map).

Water levelsthroughout theinner valley of the Rio Grande have historically
been affected on ashort (seasonal) time scale by naturaland human-induced
processes; thus, a detailed characterization ofthis areawas notattempted. Water
levels inthe innervalley have been affected not only by ground-water withdrawals
in thevicinity of Albuquerque andlocally near smaller communities, but also by
long-term irrigationthroughout the basin. Surface water fromthe Rio Grande is
diverted into canals (many of which are unlined) that carry water tofields inthe
inner valley. Interiorand riverside drains constructedin the 1920's and 1930's
prevent ground-waterlevels fromrising withina few feet ofland surface and
damaging crops. Interactions amongthe Rio Grande, theirrigation system, and the
ground-water systemare complexand transient (probably changing at least
seasonally), soa detailed characterization oftheir effects on waterlevels is
beyond the scope ofthis report. Therefore, althoughthe datashown onthe map
include inner-valley water levelsthat werereadily available from the NWIS
database, and although some consideration incontouring was given todata shown
in theinner valley by previously published reports (Theis, 1938; Spiegel, 1955;
Titus, 1963), no effortwas madeto compile additional datafor thisarea. Because
seasonal water-levelchanges likely are about5 feetor less, the contoursshown on
the map probably representa reasonable approximation oftypical waterlevels in
the innervalley after development forirrigation but prior to extensive ground-
water development. For detailed pre-1940 water-level maps of parts ofthe Middle
Rio Grande Basin innervalley, the readeris referredto Theis (1938).

METHODS OF CONTOURING

Contouring of water levels for the map was done by hand (ratherthan by use of
computer software), taking into consideration all water-level andriverbed-
elevation data. However, not every data point was ultimatelyincluded in
contouring. This water-level mapis intended to represent predevelopment
conditions inthe upperfew hundred feet ofthe saturatedzone ofthe SantaFe
Group aquifersystem, which (as previously defined in Thorn and others, 1993)
includes Quaternary alluvium along the Rio Grande. Therefore, preference in
contouring was given towells knownto be completed insediment ofthe SantaFe
Group aquifer system (asopposed toolder geologic units presentnear basin
margins) andto shallowerrather thandeeper wells. Preference alsowas givento
wells with static (asopposed topumping) water-level measurements andto wells
with the oldest water-level measurements and (or) measurementsthat were
assumed tobe the least affected by regional ground-water withdrawals.

Because erroris inherentin determiningwell locations and land-surface
elevations and potentially is particularly large for data points transferred from
smaller tolarger scale maps, the smallest contourinterval used was 25 feet. Data
points with water-level elevationsdeviating morethan 50 feet fromvalues that
would beinferred fromthe contours are indicated on the map. Contour segments
believed to have the largest potential for errorare dashed, typically inareas where
few data points were available orwhere the available data conflicted. However,
segments also are dashedin areas of Albuquerque where many of the data
available were believed to have been affected by early ground-water withdrawals.
These areas coincide withthe locations of several of the oldest (pre-1960) well
fields ofthe City of Albuquerque (Thorn and others, 1993).

Along limited sections ofthe Rio Grande andthe JemezRiver, the density of
predevelopment water-level data was sufficient toindicate the configuration of
water-level contoursin close proximity tothe river. The configuration of water-
level contoursin these areas canbe usedto inferwhether ground water generally
has flowed toward the surface-water drainage (upgradient flexuresin contours at
the riverchannel) or whether water generally has flowed outward from the surface-
water drainageinto the aquifer (downgradient flexures incontours). However, the
density of water-level datawas notsufficient to determine the configuration of
water-level contoursacross mostsections of most surface-waterdrainages inthe
basin. Becauseinteractions betweenthe ground-water and surface-water systems
are complexand generally not wellcharacterized overlarge areas, no attemptwas
made inareas of limited datato draw water-level contoursin sucha manneras to
infer aparticular type of interaction. Therefore, the lack of flexures in water-level
contours across most surface-waterdrainages isnot intendedto indicate that no
interaction exists between the ground-water and surface-water systemsin those
areas; instead, the lack of flexuresindicates the lack of sufficient datato fully
characterize anyinteractions that may exist.

Hydraulic discontinuities, or large differences in water levels over shortlateral
distances, appearto occurin severalareas. The discontinuities typically are
located inthe proximity of majorfaults nearthe basinmargins and appear onthe
map asclosely spaced or truncated contour lines. Faults shownnear the
discontinuities were extracted from a digital compilation of major faults for the
basin (Mark Hudson and Scott Minor, U.S. Geological Survey, written commun.,
1999). Information for the fault compilation was derived from geologic mapping,
gravity data,and high-resolution aeromagnetic data (Hudson and others, 1999).
Areas where hydraulic discontinuities appear tooccur butno faults have been
mapped alsoare shownon the map. Theapparent discontinuitiesacross major
faults likely are associated with large contrasts in hydraulic-conductivity values
between fault-juxtaposed geologic materials. Some investigators, however, have
suggested thatground-water flow near afault could possibly be affected by
decreased permeability caused by cementation orclay mineralsin the fault zone or
by preferential flow alongthe fault (Minor and Shock, 1998; Heynekamp and
others, 1999).

Outside the major faults near the east and west sides of the Middle Rio Grande
Basin, geologic units olderthan those of the Santa Fe Group aquifer system are

known to exist withinthe basinclose toland surface (Kelley,1977). These units
include rocks of Cretaceous and Jurassicage onthe westside ofthe basinand
rocks of Permian and Pennsylvanian ageon the east side. The geologic units with
which wells and springsin these areas arein hydraulicconnection are not always
known. Also, any differencesin water-levelelevations betweenthese older
geologic unitsand SantaFe Group aquifer materials have notbeen clearly
established. Therefore, although an attempt was made to contour waterlevels in
these areas, the contours need tobe regarded with caution because they may not
be representative of waterlevels inthe SantaFe Group aquifer systemor inany
other single aquifer system. Instead, along different sections of itslength, a
contour couldbe representing water levels from differentgeologic materials that
are notin hydraulic connection.

Discussion ofthe implications of this water-level map for predevelopment
directions of ground-water flow and magnitudes of hydraulic gradients isbeyond
the scope of thisreport. Such detailed interpretationis leftto subsequent
investigations.
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